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SUMMARY 


/Penetration  parameters  are  presented  for  l/3-caliber  polyethylene  cylin¬ 
ders  impacting  semi- infinite  2024-T351  alimiinum  targets  at  velocities  ranging 
from  20,000  to  37^,000  ft/sec. 

Variations  of  the  penetration  parameters  vith  impact  velocity  indicate, 
in  accord  with  the  trends  previously  established  at  lower  speeds,  that  pene¬ 
tration  depth  increases  with  the  two-thirds  power  of  velocity.  This  power  law 
is  currently  in  use  by  most  investigators  for  the  fluid- impact  region. [ 


INTRODUCTION 


The  advent  of  the  li^t-gas  gun  in  19^9  ’W'as  virtually  the  beginning  of 
hypervelocity  impact  research.  Since  that  time,  investigators  have  examined 
the  many  facets  of  cratering  phenomena,  and  have  published  a  wealth  of  infor¬ 
mation  for  impact  at  velocities  up  to  30,000  ft/sec.  Based  on  this  informa¬ 
tion,  a  number  of  penetration  criteria  have  been  proposed  and  have  been  used 
to  extrapolate  to  velocities  of  100,000  ft/sec  to  evaluate  the  hazard  of  mete¬ 
oroid  impact.  The  uncertainty  of  this  extrapolation  from  about  30,000  to 
100,000  ft/sec  makes  it  essential  that  the  highest  possible  velocities  be 
attained  in  laboratory  experiments  in  order  to  establish  an  accurate  penetra¬ 
tion  criterion  for  such  velocities. 

To  this  end,  experimenters  are  constantly  striving  for  higher  velocities 
in  the  laboratory.  Modifications  to  the  original  light-gas-gun  concept  and 
various  other  laimching  techniques  have,  over  the  years,  provided  the 
researcher  with  penetration  data  at  steadily  increasing  velocities.  The  pres¬ 
ent  paper  describes  the  results  of  a  short  test  program  at  the  highest  veloci¬ 
ties  attained  until  now  with  a  li^t-gas  gun. 

Standard  penetration  parameters  will  be  presented  in  tabular  form,  and 
graphically  as  functions  of  the  impact  velocity.  Also,  the  apparatus  used  in 
this  experiment  will  be  described  briefly. 


DESCRIPTION  OF  APPARATUS 


This  experiment  was  conducted  in  the  impact  range  at  Ames  Research 
Center.  Projectiles  were  ri^t-circular  cylinders,  with  lengths  nominally 


one-third  the  diameter^  made  of  a  linear  high-density  polyethylene.  Projectile 
sizes  are  listed  in  table  I.  Targets  vere  made  of  2024-T351  aluminum  alloy 
and  all  their  dimensions  were  large  compared  to  the  impact  craters. 

The  projectiles  were  launched  from  an  accelerated  reservoir  light-gas  gun 
(ref.  l) .  Nominal  gun  dimensions  were; 

0.220- inch-diameter  launch  tube^  5  feet  long 
1.28- inch-diameter  pump  tube^  12  feet  long 
15^  tapered  coupling^  4.2  inches  long 
3 . 00- inch- diameter  powder  chamber^  I6  inches  long 

Nominal  loading  conditions  were:  initial  pump-tube  pressure  (hydrogen)^  4o 
psia;  100  gram  polyethylene  pump  piston;  60  to  125  gram  powder  charge  (type 
IMR  4227);  depending  on  the  velocity  desired. 

The  projectiles  flew  through  a  20-foot-long  flight-observation  chamber 
(with  a  nitrogen  atmosphere  at  pressures  of  1  to  20  mm  Hg)  prior  to  impact 
with  the  target.  This  chamber  was  instrimiented  with  six  spark-photographic 
stations^  each  presenting  two  side  views  of  the  projectile  90^  apart.  Expo¬ 
sure  times ^  provided  by  the  use  of  Kerr-cell  shutters  were  the  order  of  5 
nsec.  These  photographs  gave  assurance  of  the  structural  integrity  of  the 
projectile  after  launch^  and  when  used  in  conjunction  with  10-Mc  counter  chro¬ 
nographs^  gave  the  impact  velocity  to  an  accuracy  of  about  0.2  percent. 

Figure  1  is  a  photograph  of  the  gun-range  area^  showing  some  of  the  items 
discussed  in  this  section. 


RESULTS  AND  DISCUSSION 


A  summary  of  the  pertinent  penetration  data  resulting  from  this  experi¬ 
ment  is  presented  in  table  I. 

Dimensionless  penetration  depth  as  a  function  of  the  impact  velocity  is 
plotted  in  figure  2.  The  break  in  the  curve  at  approximately  25^500  ft/sec 
marks  the  beginning  of  the  fluid- impact  regime.  This  transition  pointy  as 
discussed  in  reference  2^  is  dependent  upon  the  physical  and  mechanical  prop¬ 
erties  of  both  the  projectile  and  target^  as  well  as  the  test  conditions 
(i.e.^  projectile  shape^  impact  velocity^  etc,).  Above  the  transition  pointy 
in  the  fluid  impact  region^  the  volume  of  material  ejected  from  the  crater 
should  be  proportional  to  the  kinetic  energy  of  the  projectile  (penetration  cc 
velocity^^ ^) .  A  straight  line  with  a  slope  of  two-thirds  has  been  passed 
through  these  higher  velocity  points  and  as  can  be  seen  by  the  fit  of  this 
line^  the  condition  is  satisfied^  at  least  up  to  a  velocity  of  37^000  ft/sec. 

The  equation  of  the  line  in  figure  2  is 

I  =  1.19x10“®  v2/3 
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To  transform  the  Ames  penetration  equation  for  spheres  (ref.  2.), 


into  the  same  form 


f  =  kv-/3 


it  is  necessary  to  relate  cylindrical  and  spherical  data.  A  common  assump- 
tion^  as  pointed  out  in  reference  3_,  is  that  the  penetration  of  a  sphere  of 
given  diameter  is  equivalent  to  that  of  a  1-caliber  cylinder  of  the  same 
diameter 


Vsphere 


i-caliber  cylinder 


Aside  from  the  effects  of  shape ^  the  penetration  of  a  1-caliber  cylinder 
should  differ  from  that  of  a  l/3-caliber  cylinder  by  the  cube  root  of  their 
mass  ratio 


1/  3 


^1- caliber  cylinder 
^1/  3- caliber  cylinder- 


The  value  of  k  thus  deduced  is  1.35x10“^  instead  of  1.19x10 

The  13-percent  difference  in  constants  is  not  large ^  considering  the  dif¬ 
ferences  in  densities^  masses^  and  shapes.  Furthermore^  the  2.28  constant  in 
the  Ames  penetration  equation  is  for  lov-strength^  hi^ly  ductile  targets; 
whereas^  high-strength  hard  material  was  used  in  the  present  work. 

For  general  interest^  the  ratios  of  penetration  to  projectile  length 
(P/Z)^  penetration  to  crater  diameter  {V/D) ,  crater  diameter  to  projectile 
diameter  (P/d)^  and  crater  volume  (U) ^  as  functions  of  the  impact  velocity^ 
are  plotted  in  figure  3.  These  graphs  are  consistent  with  previously  estab¬ 
lished  trends.  The  parameters  of  (P/z);,  (P/^)j>  and  (u)  all  increase  smoothly 
with  velocity.  The  plot  of  (P/P)  versus  velocity  indicates  that  at  velocities 
above  about  25^000  ft/sec^  that  is^  in  the  fluid  impact  region^  the  crater 
shape  has  become  constant,  corroborating  the  proportionality  between  crater 
volume  and  kinetic  energy. 

Figure  k  displays  photographs  of  the  target  from  round  number  568^ 

V  =  37,060  ft/sec  and  the  plaster  replica  of  the  crater.  Also  seen  in  the 
photograph  is  a  typical  projectile  used  in  this  experiment.  It  is  interesting 
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to  note  that  the  shape  of  the  crater^  as  shown  by  the  replica,  is  more  conical 
than  hemispherical;  this  probably  is  a  result  of  the  projectile  shape  and  tar¬ 
get  strength. 


Ames  Research  Center 

National  Aeronautics  and  Space  Administration 
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TABLE  I.-  SUMMARY  OF  PERTINENT  UNCORRECTED^^  DATA 
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Figure  !•-  Gun- range  area. 
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Figure  2,-  Penetration  versus  velocity. 
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Figure  4.-  Photographs  of  target  and.  projectile  along  with  plaster  replica  of 
crater.  (Round  Wo.  568^  v  =  37^060  ft/sec) 
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aeronautical  and  space  activities  of  the  United  States  shall  he 
conducted  so  as  to  contribute  ...  to  the  expansion  of  human  knowU 
edge  of  phenomena  in  the  atmosphere  and  space.  The  Administration 
shall  provide  for  the  widest  practicable  and  appropriate  dissemination 
of  information  concerning  its  activities  and  the  results  thereof.” 
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